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A novel technique of upper extremity
revascularization: The retrohumeral approach
Luke Marone, MD, Giuseppi Nigri, MD, PhD, and Glenn M. LaMuraglia, MD, Boston, Mass
Although the standard approach for inflow to the brachial artery is directly from the subclavian or the carotid artery,
unusual scenarios exist when this direct route is not accessible. We present a case of a patient after right radical
mastectomy and radiation therapy for breast cancer with severe ischemic symptoms of the dominant right upper
extremity. Angiography revealed an occluded right subclavian artery with a paucity of distal collaterals across the right
shoulder. A reversed vein graft was constructed from the right common carotid artery to the right brachial artery and was
tunneled with a retrohumeral approach to avoid the previously operated and irradiated field. The patient has remained
asymptomatic with a patent graft at 2 years. (J Vasc Surg 2002;35:1277-9.)
Limb-threatening ischemia caused by arterial occlusive
disease of the upper extremity is a rare entity that accounts
for approximately 4% of all operations performed by vascu-
lar surgeons.1 The disease affects females more commonly
than males and has a variable etiology including atheroscle-
rosis, vasculitis, iatrogenic injury, trauma, embolism, and
radiation arteritis.2,3 Radiation arteritis, in particular, pre-
sents a reconstructive challenge to the vascular surgeon.
Tissue fibrosis associated with radiation therapy can often
complicate surgical dissection and wound healing. This is
most apparent in the patient population with previous
radical breast surgery and radiation therapy for breast car-
cinoma. Often the fibrosis associated with this therapy
involves proximal structures, including the brachial plexus,
which results in significantly higher operative risk. The
following case presents a novel alternative to revasculatiza-
tion when standard access to the upper extremity vascula-
ture is precluded by prior intervention.
CASE REPORT
An 81-year-old right-handed woman underwent a right radi-
cal mastectomy in 1965 at age 45 years for carcinoma of the breast.
Three weeks after surgical intervention, the patient underwent
treatment with radiation therapy to the supraclavicular, internal
mammary, subclavian, and axillary lymph nodes (4500 rads).
Complicating this course of therapy, the patient had a radiation
ulcer develop in the right axilla, which necessitated resection and
rotational latissimus dosi flap coverage in 1993. The patient was
seen again in 1996 with right-sided hemispheric symptoms consis-
tent with a transient ischemic attack. Investigation included an
angiogram that revealed high-grade calcified stenosis at the origin
of the innominate artery and multifocal stenoses of the right
subclavian artery. Transthoracic revascularization of the innomi-
nate artery was not attempted because of osteoradionecrosis of the
sternum and poor skin/subcutaneous tissue integrity in this re-
gion. Consequently, a left subclavian to right carotid bypass was
constructed with reversed greater saphenous vein as an alternative
extraanatomic bypass. This procedure was without complication
and resulted in complete resolution of neurologic symptoms. In
1998, the patient reported that her right upper extremity was cool
to the touch and that she was unable to perform routine tasks
without significant right arm fatigue and pain. Physical examina-
tion at this time revealed a cool and pulseless right upper extremity
with a bruit over the right subclavian artery. Further investigation
included an angiogram that revealed a segmental occlusion of the
right subclavian artery and marginal collateral vessels across the
shoulder with reconstitution of the proximal brachial artery (Fig
1). Consequent to the surgical and radiation therapy that had been
administered to the right chest and axilla, an extraanatomic bypass
via a retrohumeral approach to the proximal right brachial artery
from the prior right common carotid graft hood was performed
with reversed saphenous vein graft. Follow-up at 2 months re-
vealed mild recurrent symptoms with a diminished graft pulse, and
angiographic evaluation revealed stenosis of the proximal anasta-
mosis of the brachial artery bypass graft. This stenosis was repaired
with a vein patch angioplasty, and the patient remains symptom
free at 2-year follow-up with a strong graft and radial pulse.
SURGICAL TECHNIQUE
The patient was brought to the operating room and,
with general endotracheal anesthesia, was positioned with
the left side down at an approximately 45-degree angle on
the operating table. A wide sterile preparation was per-
formed, which included the right arm, shoulder, neck,
chest, and the left lower extremity for vein harvest.
Initially, the right common carotid artery and prior
bypass were explored though the previous right neck inci-
sion. The native vessels and prior bypass were identified,
and adequate control was established. Attention then was
turned toward the right brachial artery, which was explored
through a medial upper arm incision approximately 5 cm
distal to the head of the humerus. The artery was believed
to be of adequate quality, and a segment approximately 7
cm in length was mobilized.
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Next, the left greater saphenous vein was harvested
from the thigh and prepared in standard fashion. Initial
length of harvested vein was determined through the ex-
ternal tracing of the bypass tract with a silk strand. The vein
was gently dilated with vein solution (Hank’s solution,
blood, heparin, and papavarine hydrochloride) to assure
ligation of all tributaries. Subsequently, the vein graft was
marked with methylene blue dye to assure proper orienta-
tion during tunneling. Before heparinization, superficial
tunnels were fashioned with a large Debakey clamp as a
tunneling device and a 22F pump catheter as a guide for
advancement of the graft. With care to maintain subcuta-
neous placement without entry into muscle fascia, a tunnel
was created from the right brachial artery to the posterior
aspect of the shoulder, where a counter incision was made.
Next, the tunnel was completed by maintaining superficial
placement in the supraclavicular fossa and then traversing
deep to the sternocleidomastoid muscle to lie in approxi-
mation with the right common carotid artery.
The previously harvested and prepared greater saphe-
nous vein then was advanced though the tunnel in reversed
fashion. The methylene blue dye marking is critical for
maintaining proper orientation though this circuitous
route. These markers must be maintained on the superficial
aspect of graft (ie, facing the skin during the tunneling
process). Adequate length was assured with ranging the
arm and shoulder through abduction and extension. With
an oblique incision in the hood of the previous graft to
establish an appropriate lie, the proximal anastamosis was
performed with 6-0 Prolene in running fashion. Finally, the
distal anastamosis was constructed in end-to-side fashion
with running 6-0 Prolene (Fig 2). On completion, normal
brachial, ulnar, and radial pulses were appreciated and an
angiogram was obtained, which revealed excellent brachial
artery outflow (Fig 3).
DISCUSSION
Radiation arteritis is a rare entity that presents a recon-
structive challenge to the vascular surgeon. Lesions of the
subclavian artery can be managed surgically in a number of
ways including carotid-brachial bypass, subclavian-brachial
bypass, axillary-brachial bypass, and direct transthoracic
revascularization with aortoinnominate bypass. The rela-
tive safety and efficacy of extrathoracic repair of brachioce-
phalic and subclavian occlusive disease has been con-
firmed.4 In this patient population, all of the
aforementioned techniques require either direct surgical
access or tunnel placement through irradiated tissue. Bec-
quemin, Gasparino, and Etienne5 noted that when there is
dense sclerosis of the axillary fossa, tunneling the graft
through this fibrotic tissue may be hazardous to both the
Fig 1. Aortogram depicts severe innominate artery stenosis, oc-
clusion of subclavian artery, and prior left subclavian to right
carotid bypass graft.
Fig 2. Circuitous route of retrohumeral graft placement. Note
subcutaneous placement of graft and posterior course over cori-
coid process.
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axillary vein and the brachial plexus and in addition may
lead to an increased rate of graft failure caused by compres-
sion with scar tissue. In this patient, tunneling via a direct
route from the carotid to the brachial artery could not have
been accomplished without significant risk of injury to the
brachial plexus and extensive wound morbidity.
Prior studies have revealed two basic principles of upper
extremity revascularization: the more proximal the bypass is
located, the greater the long term patency, and the use of
the common carotid artery as a donor vessel is safe.6 Choice
of optimal conduit remains somewhat controversial, with
excellent long term patency rates achieved for both ex-
panded polytetrafluoroethylene and reversed greater saphe-
nous vein grafts in the proximal brachial position. In a series
from Jain and colleagues,6 13 bypass procedures were
reported to the proximal brachial artery with either ex-
panded polytetrafluoroethylene or greater saphenous vein.
Overall, 3-year and 7-year patency rates were noted to be
100% and 88%, respectfully, with no significant difference
on the basis of conduit used. Conversely, a report by Mesh
and associates7 detailed 95 upper extremity revasculariza-
tions (13 carotid-brachial) and found autogenous saphe-
nous vein to have a superior 5-year patency rate when
compared with prosthesis, 70.9% and 37.7%, respectfully.
Optimal conduit choice is a question that requires future
prospective consideration. However, use of a wide diameter
prosthetic graft via this retrohumeral approach in the set-
ting of radiation-induced skin changes could have initiated
increased skin and wound problems.
This newly described technical approach achieves prox-
imal upper extremity bypass with the distinct advantage of
avoiding previously irradiated tissue. In addition, this cir-
cuitous bypass route maintains minimal anastamotic ten-
sion and risk of kinking with arm extension and abduction.
Disadvantages associated with this technique include the
technical difficulty in maintaining proper graft orientation,
assuring adequate length, and preventing external graft
compression. Although these first two disadvantages can be
overcome with meticulous operative technique and the
procedures described previously, the issue of graft compres-
sion requires constant patient awareness and minor lifestyle
changes, such as wearing a strapless brassiere and carrying
one’s handbag on the contralateral shoulder. This case
illustrates a viable alternative for upper extremity revascu-
larization in the setting of radiation arteritis of the subcla-
vian artery.
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Fig 3. Completion angiogram depicts widely patent bypass graft
and excellent brachial artery outflow.
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